Evaluation if foliar spray of destructed cells of Spirulina platensis along with urea fertilizer can contribute to cotton (Gossypium barbadense L. cultivar Giza-94) plant growth, contents of photosynthetic pigments, seed cotton yield, seed index, earliness, lint percent, fineness (Micronair) and strength (Pressely). Study Design: Application of ascending rates of N fertilizer in 3 mainplot treatments and foliar spray with destructed cells of Spirulina platensis in 4 subplot treatments (Contained a non-treated control), with 3 replications. Place and Duration of Study: The Departments of Microbiology and Cotton Research, Sakha Agricultural Research Station, Kafr Elsheikh, Egypt (31º18′30″N & 30º48′14″E) during the two cotton cultivation seasons of years 2016 and 2017. Yanni et al.; AJAAR, 12(1): 29-40, 2020; Article no.AJAAR.53878 30 Methodology: Urea (46% N) at 96, 144 or 192 kg N/ha was applied in two equal doses as mainplot treatments. Spirulina platensis was grown and total proteins, contents of 16 amino acids and Fe, K, Mn and P of dried destructed cells were determined and used for foliar application in the rates of 6, 12 or 18 g cells/ha, used as sub-plot treatments. Area of each replicated sub-plot was 12.5 m 2 . Calcium super phosphate (15% P 2 O 5 ), potassium sulphate (48% K 2 O) and Insecticides (when necessary) were supplemented as common treatments. Results: Application of destructed Spirulina increased the plant leaf area, chlorophyll a, b, carotenoids and gibberellin contents, plant height, fruiting branches, open bolls/plant, seed cotton yield and seed index after ginning, fiber length, fineness (Micronair) and strength (Pressely) comparing to the corresponding non-sprayed plants. Urea at 192 kg N/ha along with destructed Spirulina exhibited superiority as enhancers of plant growth, yield and fiber qualities. Conclusion: The dual N/Spirulina combination expressed enhanced cotton growth, yield and qualities of fibers. The tested fertilization strategy is promising for enhanced cotton production economy.
INTRODUCTION
Cotton (Gossypium barbadense L.) is a subtropical perennial fiber plant important in Egypt and elsewhere in the world as a cash crop. This justifies testing any novel production input that can enhance growth and production economy. Its vegetative and reproductive growth proceeds simultaneously.
Nitrogen plays a crucial role in synthesis of amino acids, proteins, photosynthetic pigments containing chlorophyll a, b and carotenoid, plant growth, crop performance and fiber qualities. Nitrogen management is cumbersome in cotton production systems; it has more impacts on yield, maturity, and lint quality of cotton crop than other primary plant nutrient. Excessive vegetative growth due to over doses of mineral N fertilization mostly causes greenhouse gas emissions with catastrophic environmental pollution [1] and fruit abortion leading to, less fruiting and declined crop productivity. Introduction of new agronomic practices is then necessary for better plant growth and performance without excessive use of N fertilizers.
Microalgae bio-stimulants are products that can be utilized in small quantities for stimulation of growth and development of many crops under both optimal and stressful conditions. They can be used in conjunction with synthetic fertilizers for growth regulation, crop protection, yield enhancers and supporters to plant tolerance towards stress conditions [2, 3] . Mechanisms of the positive effects accompanied their utilization were reported to be due to increase of antioxidants, leaf chlorophyll, enhanced cellular metabolism [4] , and longer shelf life of harvested products [5, 6] . Extracts of cyanobacteria were reported as potential biofertilizers when used for foliar application during vegetative growth stages [7] . The extracts were found containing substances exhibited as supporters of growth and development of many crops containing, among others, cotton, barley, oats, tomato, sugarcane, maize, chili and lettuce [5, 8] . The presented conclusions related the activation mechanisms to enhanced production of vitamins, amino acids, polypeptides, and exopolysaccharides, along with antibacterial and antifungal bio-controllers that can, directly and/or indirectly, support plant growth, crop productivity and production economy.
Regarding the fact that cotton vegetative and reproductive growth proceed simultaneously, this work targeted assessment of whether soil application of a N fertilizer along with foliar application of destructed cells of the cyanobacterium Spirulina platensis can assist cotton growth and performance assessed as mean of leaves area/plant, contents of leaf chlorophyll a, b, carotenoids and gibberellin during cotton vegetative growth; and plant height, number of fruiting branches and open bolls/plant at harvest , seed cotton yield and seed index of cotton cultivated under agrochemical circumstances dominant during the cotton cultivation season (April through October) in the Egypt Nile delta.
The work here describes the advantage of using destructive Spirulina cells for foliar spray of the cotton cultivar Giza 94. This cultivar is a new early maturing long staple cultivar of high productivity of 4.28 -4.45 ton/ha (exceeding by 20% yield of the cultivar Giza 86 which was used in the same production districts for a long time). It is suitable for cultivation in fertile, medium fertile and new reclaimed soils in north Egypt where the temperatures and moisture are convenient. It is non-suitable for saline soils. Its technical properties are very good for manufacture with around 5% waste and 4% short staple fibers.
Considering that few research works out of the Egypt agronomical circumstances described using of cyanobacterial extracts as supporters for N-fertilizer, use of the destructed cells, if found successful, has many advantages concerning production and distribution of few grams of dried material rather than hundreds of liters of cell extracts. Meanwhile, this technology, if found successful, will introduce a new agronomic practice in which destructed cells of a cyanobacterium can effectively work in synergism with N-fertilizers as contributors to cotton growth and performance.
METHEDOLOGY

Field Soil Characteristics
The texture of field soils used in the two seasons 2016 and 2017 was clayey, originated over thousands of years by the annual Nile flood sediments. Mechanical, physicochemical and chemical analysis [9] revealed presence of 50.7 and 50.7 clay, 38.3 and 38.1 silt, and 11.0 and 11.2% sand, in the two seasons, respectively. Samples from the surface layer (0-30 cm) had electrical conductivities of 2. 6 
Mass Production of Spirulina platensis
A subculture of the cyanobacterium Spirulina platensis was obtained from The Algae Biotechnology Unit of The National Research Center, Giza, Egypt (www.nrc.sci.eg), grown on 100 ml sterilized Zarrouk medium [10] , incubated for 7 days under 30+2ºC and continuous illumination of 5500 -6500 lux. The produced culture density was 10 8 colony-forming units (CFU)/ml, contained 0.25 g dried cells/100 ml culture was used for inoculation of a glass basin containing 288 liter of the same medium, then incubated for 25 day. Sterile air was contentiously pumped for culture circulation all over the propagation course.
Some Chemical Constituents of the
Produced Spirulina Cells Table 1 shows some chemical constituents of the Spirulina cells propagated for this work. Its total protein content measured using the Kjeldahl method described in [11] , amounts of 17 amino acids measured using the high-performance amino acid analyzer (Biochrom 30). and contents of P, K, Mn and Fe using ICP (optima 2000 DV -Perkin Elmer) [12] . Regarding the references mentioned elsewhere in this context, presence of many amino acids strongly suggested promising positive actions as enhancers of cotton growth, yield and fiber qualities.
Preparation of Spirulina for Field Use
Spirulina platensis culture containing a mass of 6 g dried cells/L was blended until be free of culturable cells, then refrigerated at 4ºC until field use [13, 14] .
Field Experimentation
Experimental layout and treatments distribution
Cotton seeds were sown on the middle of April. The experiments were designed in split-plot with 3 main-plot treatments for N fertilization by urea (46% N) at 96, 144 or 192 kg N/ha, each applied in 2 equal doses the first was after thinning to 2 seedlings/hole, followed by the first irrigation, and the second was at 45 days after sowing. Four sub-plot treatments were designed for foliar application with destructed cells of Spirulina platensis in the rate of 6, 12 or 18 g cells/ha (plus a non-sprayed control subtreatment). Cotton leaf worm insecticide(s) was applied as a common treatment for all the field area when necessary.
Foliar application of destructed Spirulina cells
Except for the Spirulina non-treated control subplot, the other sub-plots received a first dose of 6 g cells/ha at 30 days after sowing. A similar quantity of cells were applied to the 12 and 18 g treated sub-plots after 25 days later (at the beginning of the squaring growth stage, 55 days from sowing). Third Spirulina dose targeted the subplots designed to receive 18 g destructed Spirulina/ha, applied at the beginning of the flowering stage (70 days from sowing). So, the three levels of Spirulina application were 7.5, 15.0 or 22.5 mg dried Spirulina cells/12.5 m 2 of replicate of the sub-plot treatments.
Assessment of cotton growth development
At the beginning of the fruiting stage, 75 days after sowing, leaves on the main stem were collected for spectrophotometric determination of chlorophyll a, b and carotenoids contents using the wave lengths of 440, 644 and 662, respectively. The results were calculated using the formula: chl. a = (9.784 x E662) -(0.99 x E644), chl. b = (21.426 x E644) -(4.65 x E662), and for the carotenoids: (4.695 x E 440) -0.268 (Chl. a + Chl. b). E stands for the optical density at the above wave lengths [15] . Concentration of gibberellins in leaves was determined at the maximum accumulation of the gibberellins and start of the plant elongation stage, 90 days after sowing, using Gas-liquid chromatography and computer-controlled gas-liquid chromatographymass spectrometry described in [16] . Mean of leaves area/plant was determined at 75, 90 and 105 days after sowing using a digital leaf area measuring system (Accuracy of + 2%). The system uses a standard television camera to provide transverse scan measurements and a fixed-speed leaf-flattening conveyor device to provide longitudinal scan measurements [17] . Plant height, numbers of fruiting branches and open bolls/plant were measured just before harvest.
Yield components and technological characteristics
Mean of boll weight and lint yield were determined using samples each of 75 bolls from each sub-treatment. 
Statistical Analysis
The collected data of each growing season were statistically analyzed as split-plot design experiment comprised 3 main plot treatments for N fertilization and 4 subplot treatments for foliar spray with the destructed cells of Spirulina (contained a non-sprayed control). Three 12.5 m 2 replications were included for each sub-plot treatment. The mean differences were compared using the Duncan's multiple range tests [19] , using the 95% confidence level [20] .
RESULTS
Effect of N-fertilizer and Destructed Spirulina on Leaf Area and Gibberellins Content
Data in Table 2 indicating that the mean of leaves area/plant at 75, 90 and 105 days after sowing, and also the leaf gibberellins content at 90 days, expressed maximum values by application of 192 kg N along with foliar application of 18 g destructed Spirulina cells/ha. However, the results of the statistical analysis indicated no negative first order interaction but rather a sort of synergism between application of the used doses of N-fertilizer and foliar spray of the different quantities of the destructed Spirulina cells. Table 3 show concomitant increases in leaf chlorophyll a, chlorophyll b, total chlorophyll and carotenoids contents with application of the N fertilizer and destructed cells of Spirulina. Maximum concentrations of these photosynthetic pigments were obtained by application of 192 kg N/ha along with 18 g of destructed Spirulina cells. No statistically significant first order interaction was found, indicating no negative effect of one of the fertilization practices with application of the other.
Data of
Effect of N Fertilizer and Destructed Spirulina platensis Cells on Plant Height, Number of Fruited Branches and Earliness Percentage at Harvest
Number of fruited branches and percentage of earliness in both seasons increased (Table 4 ). However, statistically significant differences were found due to application of the different quantities of the Spirulina cells.
Yield and its Components
Data of Table 5 detectable statistically significant differences were found to be due to application or not of 6 g destructed cells, the treatments which scored the highest seed index values. As for season 2017, seed index values expressed no significant differences that could be related to the differences of the applied doses of N-fertilizer or the different amounts of the destructed Spirulina cells! These two years results strongly suggest that mean weight of ginned seed is likely controlled by genetical factor(s) that acted independently regardless of the tested fertilization managements. Table 5 also indicating that in season 2016, highest cotton seed yield values were generally obtained by application of 192 kg N/ha with no statistically significant differences that could be attributed to application or not of the different amounts of the destructed Spirulina cells. For season 2017, the highest cotton seed yield value (4.320 ton/ha) was obtained by using the 192 kg fertilizer-N/ha along with foliar application of 6 g destructive Spirulina cells. However, this highest figure came statistically not different from that which achieved without using any Spirulina cells (4.158 ton cotton seed yield/h).
Data in
Effect of N Fertilizer and Destructed Spirulina cells on Technical Characters of Cotton Fiber
Lint percentage and fineness in both seasons ( Table 6 ) positively responded to N application up to 192 kg N/ha. In season 2016, the strength did not show statistically significant differences that could be attributed to either increasing amount of the N fertilizer or the Spirulina cells. In contrast, highest figures of fiber strength in season 2017 could not be obtained unless N fertilizer at 192 kg N/ha was applied. No significant differences could be obtained due to application or not of the destructed Spirulina cells.
DISCUSSION
Cyanobacterial preparations, when used as viable cells for field soil inoculation like for rice fields, or their extracts for foliar application during vegetative growth stages of cotton, barley, oats, tomato, sugarcane, maize, chili, lettuce and others [7] , expressing potential action as efficient biofertilizers. Substances in their cells were found supportive to growth and development [8, 9, 21] . Such activation mechanisms were found involve presence or production of vitamins, amino acids, polypeptides, exopolysaccharides, along with antibacterial and antifungal compounds that could, directly and/or indirectly, improve plant growth, yield quality and crop productivity. For instance, application of Spirulina extract increased plant carotenoids, chlorophyll a and b [22] , plant height, plant biomass and contents of essential nutrients [23] . Some are rich in amino acids, having biological roles in detoxification of some plant organic compounds and absorbed heavy metals [24, 25, 26] , chlorophyll synthesis [27] , optimization of nutrient uptake, translocation and metabolism, vitamin biosynthesis [28] , maintenance of protein structures required for cell division and enlargement, production of growth hormones involved in cell division, differentiation, production of growth-efficient polyamines [29] and amino acids [30] involved in growth stimulation and alleviation of stress conditions [31] . Interestingly, results in [32] stated that foliar spray of some amino acids (found also here as constituents of our Spirulina preparation) [33] . In addition, methionine, which also appeared in the chemical analysis of the Spirulina platensis cells used in this study (Table 1) , was found by Chen, et al. and El-Awadi, et al. [34, 35] to involve in synthesis of growth regulation substances, encompassed cytokines, leading to increases in NPK contents and dry weight of plant shoots, while tryptophan and phenylalanine increased leaf surface area [36, 37] and cysteine expressed important roles in development of cytosol and mitochondria in plant cells, improving hairy plant roots with active nutrients uptake by specific mechanisms described in [38] . Recently, glycine and glutamine were also found in foliar spray cyanobacterial stimulators [39] , and also found here in this study as two of the amino acids constituents of the preparation (Table 1 ). They also found by Mohammadipour and Souri, [40, 41] to increase N, Ca, K, P, Fe, Mg, Zn uptake, plant height, shoot and root weights, soluble solids, and vitamin C of the known antioxidant activities.
In this work, nitrogen application alone or when assisted by foliar spray of the destructive Spirulina cells significantly enhanced cotton plant growth with concomitant progress in mean of leaves surface area/plant, the major functional part that drives plant growth and crop performance, contents of chlorophyll a, b, carotenoids, gibberellins, plant height (confirming results in [7] ), number of open bolls at harvest, seed cotton yield and seed index (after ginning). Enhanced technological characteristics involve higher lint percent, fineness (Micronair) and strength (Pressely) achieved with increase of N-fertilizer from 96 up to 192 kg N/ha, confirming results of Zhenan et al. [42] , with further increases due to foliar application of the destructed Spirulina platensis cells. Conclusively, the results came supportive and in conformity with the majority of the above-mentioned referenced research results which related additional enhancements due to application of cyanobacterial cells along with the N fertilizer. Most importantly in this respect isis that no contradiction but rather synergism/contributive mechanism(s) are suggested to be exerted from both for better plant growth and performance. In this concern, [7,43] found that taller plants induced by N application and further supported by application of cyanobacterial extracts enhanced cotton reproductive growth due to enough light penetration that facilitated boll opening, leading to more seed cotton yield. Anyway, the positive contributive effects of N fertilization along with application of the destructed Spirulina cells were found significant in both of the two cultivation seasons. However, in some cases application of 192 kg N / ha along with only 6 g of destructed It is important to be considered that our work here is of a "black-box" category of research, in which, one cannot assure which of the tested growth, yield and fiber qualities enhancers (N and Spirulina), abovementioned, were the causative agent (s) that modified the biochemical processes and/or mechanisms which were involved in each of the enhancement effects expressed in the collected results. Our results here, expressing the advantage of application of tested N / Spirulina combinations as enhancers of cotton growth, yield and fiber qualities.
This translational study that tested an additional fertilization strategy that can be considered as promising enhancers of cotton production economy using, in addition of the N-fertilization, a biological material that can play uncountable roles in the world agriculture infrastructure worldwide. This can be reached by strong strategies to transmit the technology to farmers, extension specialists and policy makers. 
CONCLUSION
The results expressing statistically significant concomitant increases in mean of leaves area/plant, contents of chlorophyll a and b, carotenoids and gibberellins, plant height at harvest, number of fruiting branches and open bolls/plant, seed cotton yield and seed-index; along with improvement of cotton fiber length, fineness (Micronair) and strength (Pressely) with application of Spirulina up to 18 g/ha along with urea up to 192 kg N/ha. Conclusively, both the urea and the destructive Spirulina cells acted synergically for enhanced plant growth and performance. Results of this translational study, if successfully considered by cotton producers in Egypt and worldwide, can contribute to better cotton growth, fiber qualities and quantities and production economy.
